Background: Nebulized Salbutamol have great advantages for patients with respiratory problems by depositing drugs directly to the lungs, inspite of reported adverse metabolic effects on different electrolytes and glucose heamostasis of patients.
Introduction
Nebulizers are inhalation devices that use oxygen, compressed air, or ultrasonic power to break up solutions or suspensions of medication into droplets for inhalation. The aerosol is administered by a mask or mouthpiece. However, nebulizers are more expensive than pressurized metered dose inhalers, require a power source, and need regular maintenance (Wright et al., 2002) . From the historical and medical point of view, a Greek, called Pedanus Discorides during the first century prescribed inhaled fumigation. Pipes were also used to inhale hallucinogenic substances by Red Indians who knew the psychotropic effects of poisonous plants such as Datura stramonium, and used fumigations of Datura ferox to treat asthma. Since the nineteenth century, Datura stramonium was imported in Great Britain and cigarettes with leaves of datura were used by asthmatics until 1992. By 1949, ultrasonic nebulizers made their first appearance in the United States, in the form of humidifiers, and then doctors were quick to add medications to produce therapeutic aerosols (Dessanges et al., 2001) . The main advantage of nebulized drugs is that they are deposited directly into the respiratory tract and thus a higher drug concentration can be achieved in the bronchial tree and pulmonary bed with fewer adverse effects than when the systemic route is used. The effectiveness of nebulization depends on many factors, including the characteristics of the drug to be nebulized (particle size, form, density, and surface tension), the anatomy of the airways, the patient's inhalation technique and the nebulization system employed. The factors determining the particle size produced by a nebulizer include both the characteristics of the solution and the flow velocity of the nebulization system. Particles of between 1 and 5 µm are those with the greatest probability of reaching the site desired in the bronchial tree and of achieving the desired therapeutic effect (Máiz et al., 2011) . There are three main types of nebulizers: ultrasonic, jet and mesh nebulizers. Of the three, the most effective are mesh nebulizers. These nebulizers are also the most compact, quietest and most rapid, leading to a better patient responsiveness (Ari, 2014) .
Indications of nebulization are; to deliver bronchodilator drugs in an acute attack of asthma and/or COPD and nebulization is the most common means of delivery, to administer antibiotics and anti-fungal agents in some resistant cases or persistent chest infections for eg. Cystic fibrosis, to aid expectoration by inhalation of hypertonic saline which increase the clearance of bronchial secretions and finally to deliver a local analgesia: to relieve symptoms as in patients with alveolar carcinoma (Ari, 2014) .
β2-adrenoceptor agonists (B2AR):
Airway tone is predominantly controlled by parasympathetic stimulation carried by the vagus nerve which provides baseline tone of the airway smooth muscle (ASM). Parasympathetic innervations, primarily via cholinergic fibers, activate muscarinic receptors to control ASM tone and respiratory microvasculature. In doing so, parasympathetic stimulation mediates the bronchodilatory process by inhibiting dilation and inducing contraction of ASM. The sympathetic nervous system does not directly innervate ASM but does innervate airway vasculature and parasympathetic ganglia. Sympathetic adrenergic nerves regulate airway function indirectly via the adrenergic catecholamines which act on α-and β-adrenoceptors. Conventionally, β2AR agonists are divided into two groups according to the duration of action: short-acting (3-6 hours) and long-acting (~12 hours) β2AR agonists, abbreviated as Sβ2ARs agonists and L β2ARs agonists, respectively (Cazzola et al.,2012) . Salbutamol, a Sβ2AR agonists, enters the active site of the β2AR directly leading to rapid bronchodilation time (<5 minutes) followed by rapid re-equilibration that results in a short duration of action (4-6 hours) (Johnson et al.,2001 ). There may be a dose-response relationship with salbutamol inhalation such that a larger dose (1600µg) may have a longer duration of action than a smaller one (200µg) (Cazzola et al.,2011) .
Systemic bioavailability of inhaled drugs arises from absorption through the gastrointestinal tract as well as the lungs. Upon administration, a fraction of the inhaled drug will be deposited in the oropharynx and absorbed directly into the systemic circulation. Although a portion of the dose reaches the stomach and intestine, this fraction undergoes extensive first-pass metabolism and is essentially rendered inactive (Bennett et al., 2000) .
Due to the widespread distribution of β2ARs throughout the body some side effects following β2AR agonist administration are considered inevitable. These side effects are greatest when β2AR agonists are administered orally or via injection. The pharmacological effects can be circumvented, though not entirely; when the systemic load (plasma concentration) is reduced; by introducing the drugs via inhalation and/or in the recommended dose. These side effects include muscle tremor, increased blood insulin, glucose, lactate, fatty acid, and glycerol, decreased serum potassium and calcium, increased intracellular potassium, alterations in skeletal and cardiac muscle function, tachycardia, vasodilatation, appetite suppression, headache, nausea, hyperactivity (children) and sleep disturbances (Sears & Lötvall,2005) .
Adrenergic stimulation of cardiac β2ARs modulates the heart rate and contractility of the heart. In skeletal muscle, the effects of β2ARs stimulation are through a G-protein activation of adenyl cyclase which leads to elevation of cAMP and subsequent activation of protein kinase (PKA). PKA catalyzes the phosphorylation of a number of receptors within the myocytes, including ryanodine receptors and troponin, leading to increased contractility. Membrane channels and binding proteins are phosphorylated by PKA in pacemaker cells which leads to changes in the cardiac action potential through increased Ca 2+ cycling (Tank & Lee, 2015; Hostrup et al., 2014) .
Activation of glycogen phosphorylase, phosphofructokinase, pyruvate dehydrogenase, and hormone-sensitive lipase increases substrate utilization in skeletal muscle. Furthermore, β2AR stimulation of the Na+ /K+ -ATPase pump increases intracellular concentrations of potassium and hyperpolarization of the cellular membrane. The activation of this pump consumes ATP, leading to ADP production that further drives glycolysis, resulting in increased lactate production (Andersson et al., 2012; Kalsen et al., 2014; Levy et al., 2008) .
β2AR agonists are known to increase membrane Na+ /K+ ATPase activity, thereby increasing intracellular [K+], decreasing intracellular [Na+], and maintaining membrane excitability and hyperpolarizing the sarcolemma (Clausen, 2003) . The decrease in serum potassium is dose-related and potency-related, with some β2AR agonists having a more profound hypokalemic effect than other β2AR agonists, with fenoterol having a more profound hypokalemic effect than albuterol or formoterol or terbutaline. Also the β2AR agonists increase glycogenolysis and hence increase plasma glucose. This is of minor clinical importance, except in diabetic patients, whose disease is likely to be aggravated by the use of systemic corticosteroids in situations of severe asthma. The effect on glucose also shows tolerance with repeated use (Ouf et al., 2015; Sears, 2002) .
Seventy five deaths of asthmatic patients in a recent study using home nebulizers were reported, 16-30% of them had delay in seeking help, because of over reliance on high doses of salbutamol. The exact mechanism of death in such cases is unknown, but has been postulated to be due to fatal cardiac arrhythmias induce by hypoxia (Holt, 2007) , an alternative hypothesis is that inhalation of high dose beta2-agonist induced hypokalemia may further aggravated by the acute stress of the illness and by concomitant corticosteroids or theophylline therapy, so accurate detection of this side effect is useful (Scichilone et al., 2015) . There are several studies that demonstrate a statistically significant decrease in serum potassium and magnesium after β2AR agonists administration. In addition, there are also some studies regarding the β2AR agonists induced hypophosphatemia (Sahan et al., 2013) .
Aim of the study is to evaluate the effect of nebulized salbutamol used in the management of patients with asthma who have normal serum potassium and blood glucose levels. in the emergency department after 30 and 60 minutes of administration and to find out if these results are of clinical importance that should be taken in consideration when treating patients especially those with abnormal glucose heamostasis and/or electrolyte disturbances.
Patients & Methods
The study is a prospective follow up study conducted in the Emergency Department (ED) of Baghdad Teaching Hospital through the period from 1 st of April, 2017, to 31 st of January, 2018. A total of 100 patients were recruited for the study after fulfilling the inclusion and exclusion criteria.
Inclusion Criteria
All adult patients with mild exacerbation of asthma who needed two doses of 2.5mg nebulized salbutamol, 10 minutes apart for the relief of their symptoms is included.
Exclusion Criteria
1) Patients who used β2AR less than four hours before admission.
2) Recent cardiac event (MI, angina or cardiac arrythmia).
3) Diabetic patients or abnormally high blood glucose at base line level. 
7)
Patients using potassium sparing diuretics e.g. Aldactone and antihypertensive drugs e.g. B.blocker, ACE inhibitor, Angiotensin II.
Data Collection
The data was collected by the researcher through meeting with the patients and filling a prepared questionnaire paper. After taking a full history, examination and performing the full needed emergency management for all patients, the 100 eligible patients under went; 1) A 5ml sample of venous blood was taken and sent to the Laboratory of Baghdad Teaching Hospital to evaluate the S potassium and random blood sugar levels (Baseline level).
2) Then the selected patients were treated with 2.5mg nebulized Salbutamol, while the patient was in a sitting upright position and the mask of the nebulizer was held on the nose. The nebulizer equipment used was Mesh ROSSMAX ® nebulizer.
3) After 20 minutes the second dose of 2.5mg nebulized Salbutamol was given through the nebulizer in the same way for the patients who needed this 2 nd dose and so the total dose used was 5mg only, as we only recruited mildly dyspneic patients to decrease the chance of using other agents that may affect potassium and glucose level.
4) Thirty minutes after nebulizer cessation, 5 ml of venous blood was drawn and sent for the Laboratory to re-check the Potassium and random blood sugar levels (30 minutes level).
5) One hour later, after nebulizer cessation, another 5 ml of venous blood was drawn and sent for the Laboratory to re-check the Potassium and random blood sugar levels (One hour level).
Ethical Considerations
1) Ethical approval was taken from Arab Board for Health Specialties and hospital authorities.
2) Confidentiality was taken in consideration.
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Statistical analysis
All patients' data entered using computerized statistical software; Statistical Package for Social Sciences (SPSS) version 20. Descriptive statistics presented as (mean ± standard deviation) and frequencies as percentages. Multiple contingency tables conducted and appropriate statistical tests performed, Chi-square used for categorical variables (Fishers exact test was used when expected variables were less than 5) and one way ANOVA analysis was used to compare between more than two means. In all statistical analysis, level of significance (p value) set at ≤ 0.05 and the result presented as tables and/or graphs.
Results
A total of 100 patients fulfilling the inclusion and exclusion criteria were included in this study. Their mean age is 44.5±12.5 years; 13.1% of them were in the age group <30 years, 16.2% in the age group 30-39 years, 31.3% in the age group 40-49 years, 27.3% in the age group 50-59 years and 12.1% in the age group ≥60 years. Females were more than males with female to male ratio of 1.12:1 (Table 1) . The medication history of the studied sample admitted to the ED was: no medication history (24%). while those with positive medication history was distributed as follows; prednisolone tablets and salbutamol inhalers (49%), salbutamol inhalers alone (22%), Inhaled salbutamol and steroids (3%), (Table 2) . The potassium mean was significantly decreased after 1 hour of nebulizer administration (p<0.001). No significant changes in potassium mean were observed between baseline measurement and after 30 minutes measurement (p=0.1), but the potassium mean was not significantly changed between 30 minute measurement and 1 hour measurement (p=0.2). (Table 3 & Figure 1 ). 
Figure 2. Distribution of RBS mean according to three measurements
Regarding effect of age, no significant effect of age were observed in both the potassium and RBS levels after one hour of nebulizer administration according to different age groups of studied patients, although obvious decrease in potassium level and increase of RBS was noted. (Table 5 ) Vol. 10, No. 9; 2018 The potassium level was significantly decreased one hour after nebulizer administration for both males and females patients (p=0.05, p=0.04). The RBS mean was not significantly changed after one hour after nebulizer administration for both males and females patients, so both genders had same electrolyte and glucose heamostasis (Table 6 ). Regarding the steroid medication history and it's effect on the study results as it is a common drug used in addition to salbutimol, the potassium level was significantly decreased one hour after nebulizer administration for patients with negative steroids history (p=0.03). The RBS level was significantly increased one hour after nebulizer administration for patients with positive steroids history (p=0.04). The potassium level was not significantly changed one hour after nebulizer administration for patients with positive steroids history, while the RBS level was not significantly changed one hour after nebulizer administration for patients with negative steroids history, so steroid medication plays a role in the effect of salbutamol nebulizer on blood sugar and serum potassium, although it's effect on potassium in patients with positive steroid history was not significantly increased in this study (Table  7) . 
Discussion
The nebulizers have an important benefit in the deposition of drugs to the respiratory system directly with lower side effects. Many factors like drugs properties, airways structure, and technique of nebulization and design of nebulizer equipment have a potential effect on nebulizer efficacy (Pandya et al., 2014) .
In the present study, the mean potassium level of patients with asthma was significantly reduced after one hour of nebulizer administration (p=0.002). This finding is similar to results of many literatures like Sahan et al., study in Turkey which was a prospective study included 26 asthmatic patients treated with nebulizer in ED and assessed for serum potassium and phosphate after one hour. They found a significant hypokalemia effect after one hour of administration of nebulized salbutamol. The stimulation of Beta adrenergic agonists is commonly accompanied by stimulation of membrane bound sodium-potassium ATPase enzyme which in turn leads to direct potassium influx into cells (Sahan et al., 2013) . This rapid decline in Potassium level is aggravated by steroids and diuretics (Johns & Roberts, 2007) . In India, a clinical trial study conducted by Sree et al in emergency department on 30 patients with hyperkalemia treated with nebulized salbutamol for more than 10 minutes and revealed a significant decrease in Potassium level without side effects. They recommended the use of salbutamol nebulizer in the management of hyperkalemia with short duration and monitoring of potassium and glucose levels (Sree & Rao, 2011) . Another study in the UK by Ahee et al reported the significance of nebulized salbutamol in treatment of hyperkalemia patients presented to ED (Ahee & Crowe, 2000) . Many limitations are reported with high dose of salbutamol administration through the nebulizer such as tremor, hypokalaemia, hyperglycemia and tachycardia (Pandya et al., 2014) . It was proved that lowering levels of potassium by nebulizer is dose dependant and drug potency dependant (Johns & Roberts, 2007) . Wong et al 25 reported that the mean decrease of Potassium was different between three Beta adrenergic agonists (fenoterol, salbutamol and terbutaline) (Wong et al., 1998) .
Zitek et al randomized clinical trial study in the USA revealed that the use of one hour nebulized salbutamol for healthy people lead to the increase of lactate and decrease in the Potassium level (Zitek et al., 2016) .
In Iraq, a study carried out by Marbut MM et al 28 recommended the use of magnesium sulfate with salbutamol in nebulizers of children and adolescents to increase the efficacy and protective effect with frequent monitoring of potassium and glucose level (Marbut et al., 2008) .
Mohammad et al study in Egypt showed that the electrolytes disturbances were present during acute asthmatic attacks but not for Potassium, while for patients with severe persistent asthma, the hypokalemia was significantly proved (Mohammad et al., 2014) . Yang et al study in Taiwan alxo revealed that nebulized sabutamol causes hypokalemia (Yang et al., 2000) . Also in the current study, glucose level, was significantly increased after one hour of nebulized salbutamol (p=0.006). This finding coincides with reports of Sears study in Canada (Sears et al., 2002) . which documented that the use of nebulized Beta adrenergic agonists especially salbutamol is accompanied by increase in blood glucose level but regarded this effect as minor for patients except for diabetic patients. However, König et al study in the USA applied salbutamol 2.5 mg by nebulizer for patient group with DM and another patient group with cystic fibrosis and showed no clinically significant difference in blood glucose level for both group from baseline, although the blood glucose level of diabetic patients was significantly higher than blood glucose level of cystic fibrosis patients (König et al., 2005) .
In a multi-systemic review study carried out by Camargo et al reported that continuous use of Beta adrenergic agonists by asthmatic patients was significantly associated with tremor but with no significant changes in Potassium and blood glucose levels (Camargo et al., 2003) .
In the UK, Smith et al recruited 25 severe asthmatic patients treated with salbutamol and found that after 24 hours of treatment, the blood glucose and insulin levels were increased. The increase in the insulin in the first 24 hours was not enough to normalize the blood glucose level while in second the 24 hours, the glucose homeostasis returned tu normal (Smith et al., 1998) .
Our study showed no significant effect of patients' age on blood levels of potassium and glucose after administration of nebulized salbutamol. This finding is similar to results of Dickens et al study in the USA which reported no significant differences in potassium and glucose for different age groups in asthmatic or COPD patients after treatment with nebulized salbutamol (Dickens et al., 1996) . In the present study, the potassium level of patients was significantly decreased after one hour treatment with nebulized salbutamol for both genders. This finding is consistent with results of Sahan et al 20 in Turkey which stated that the blood glucose level rise after salbutamol nebulization was not significantly different in both genders. This fact may state that the glucose heamostasis is the same in both genders although the ample size was small in both studies (Sahan et al., 2013) .
Current study showed that patients with no steroids history had significant decline in potassium level after one hour treatment with nebulized salbutamol (p=0.03). This finding is in agreement with reports of Ericson-Neilsen et al study in the USA which stated that the corticosteroids had a significant effect on Potassium level which alter the effect of nebulized salbutamol on Potassium level. Inversely, our study found a significant increase in blood glucose level of patients after one hour treatment with nebulized salbutamol if accompanied with positive steroids history (Ericson & Kaye, 2014) .
Conclusions
1) The nebulizer applying salbutamol has a profound effect in lowering the serum potassium level and increasing blood glucose level after 60 minutes of administration.
